The application-based flipped classroom (APP-FC) is an innovative teaching-learning model that has not been applied and assessed in basic medical curricula teaching in China. The aim of this investigation is to assess students' perceptions to the APP-based flipped classroom (APP-FC) teaching model in an immunology course. The data of this study were collected from second-year medical students (n = 92) at Lanzhou University. One class (n = 50), as a control group, was offered lecture-based learning (LBL), while the other class (n = 42), as the APP-FC group, was given lecture-based instruction and the APP-FC teaching model during September-November 2017. Afterward, the perceptions of students on APP-FC teaching model were evaluated using questionnaires. Students responded that APP-FC improves their motivation (83%) and interest in learning immunology (81%), as well as their self-directed learning skills (81%). Compared to the traditional lecture-based instruction, the APP-FC noticeably improved students' motivation in learning (P = 0.011), self-directed learn skills (P = 0.001), memory abilities (P = 0.009), and problem-solving abilities (P = 0.010). Most medical students' scores (60%) in the final examination were more than 80 points after implementing an APP-FC model as compared to the control group (40%). The majority of students (70%) preferred the APP-FC teaching approach over traditional lecture-based pedagogy. The implementation of the APP-FC teaching model could improve students' learning motivation, self-directed learn skills, and problem-solving abilities, which is a preferable teaching model for medical immunology courses in China.
Introduction
Immunology is one of the core medical curricula that form the basis for training and developing trustworthy clinicians in China [1] . It is also one of the bridging courses and offers a transition from basic medical knowledge to clinical medicine. The traditional lecture-based instruction and rote learning is still usually used in Chinese medical education [1, 2] . However, traditional lecture-based mode can be considered as a teacher-centered instruction method, which contributes to passive learning in the classroom and allows almost no time to take the proactivity to ponder, comprehend, and develop problem-solving abilities [2, 3] . Moreover, traditional lecture-based teaching lacks efficiency, as previous researchers reported that the average attention span of students in a classroom is only 10 to 20 min at the beginning of the class [4, 5] . Conversely, active learning modes (i.e., which engage students in their own learning and provide opportunities for students to participate) are not only supported by learning theories but have also been shown to be helpful to long-lasting learning and the development of self-directed learning skills [2, 6] . Thus, the most useful methods to enhance teaching efficiency is to boost the active learning of students, which requires medical students to actively concentrate their attention on learning materials, collaborating with other classmates, and participating in the class [7, 8] .
Our group has studied the implementation of problem-based learning modes that promote student-centered learning, such as patient-oriented problem-solving (POPS) and case-based learning (CBL), in medical immunology [2, 9] . Problem-based learning requires students to work on 'real-life' scenarios, and can mobilize their enthusiasm for learning medical immunology as well as enhance students' learning motivation and problem-solving skills in clinical practice [2, 9] . As the problem-based learning mode is still a new pedagogy to many higher medical schools in China, some instructors and participating scholars still have doubts about its educational profits [2, 9, 10] . Owing to the long-term application of lecture-based teaching mode, the resources (e.g., experienced teachers, available references, and teaching space) for problem-based learning are insufficient in China [8, 11] . In particular, because of the huge population in China, there are many students who enroll in medical schools every year. For example, the number of medical students who enrolled in medical schools reached 587 thousand in 2012, and continued to increase at the rate of about 15% each year [12] . Over the past decade, the teacher-student ratio decreased from 1:8 to 1:20 as the increase of staff failed to keep pace with the increase of students [12] . In order to promote medical students' active learning, the teaching approach of the flipped classroom has gained much attention in Chinese higher medical education. Although previous research works presented that a flipped classroom promotes students' initiative in learning clinical medicine subjects such as electrocardiogram, pharmacology, radiology, epidemiology, stomatology, respirology, cardiology, ophthalmology, and renal physiology [8, [11] [12] [13] [14] , the overall effectiveness of this method in medical education is still being debated [4, 14] . Some instructors indicated that this educational method is not suitable for specific subjects, such as neuroanatomy, which are characterized by abstract and memorization-heavy content [15] . One possible reason for this is that students need to spend too much time for preparation before and after the class [15] . Therefore, it is important to assess the effectiveness of the flipped classroom each time that it is used in a new setting. Recently, we investigated the effects of flipped classroom teaching activities for Chinese medical students in an immunology course.
Information and communication technology has become a critical component of teaching and learning in higher medical education [16] . A systematic review of 14 studies showed that social media tools promoted learner engagement, feedback, collaboration, and professional development, but were hampered by variable learner participation, technical issues, and privacy/security concerns [17, 18] . Mobile phone applications (APP) have similar benefits with their inherent increased accessibility and higher interactivity, and could be useful in learning basic medical curricula innovatively. In order to attempt to use a course APP for medical students, the immunology APP was developed by the Department of Immunology, Lanzhou University. Because the limitations of APPs are well-known and include issues related to technical support, the course text, picture, and PowerPoint (PPT) were able to be directly opened and browsed on the phone without internet after the APP was installed. However, the network was needed for the students watching immunology video and searching literature. This mobile immunology APP provided a basic convenient platform to better access quality educational materials for students in the flipped classroom.
As early as 1996, an "inverted classroom" was first studied by Lage et al. [19] , and a "classroom flipping" teaching model was subsequently proposed and developed by Wesley Baker [3] . Recently, the teaching mode of the flipped classroom has been accepted by an increasing number of higher medical schools [20] . Van Vliet et al. found that the pedagogy of flipped-class improved students' metacognition, critical thinking, and collaborative strategies, which are important for reaching deep learning [20] . It is important for learners to have skills in metacognition because they are used to monitor and regulate reasoning, comprehension, and problem-solving, which are fundamental outcomes of medical curricula [21, 22] . The flipped classroom model provides students with opportunities for collaborative learning and concept application through active processes [23] . In the model of the flipped classroom, learners are first exposed to educational content prior to formal class sessions via readings, teaching materials, or other electronic exercises that have been formally allocated for this purpose [6] . The flipped classroom may allow students to freely select the most appropriate way to obtain knowledge and also provides the option of transferring knowledge outside the classroom [3, 21, 22] . In a flipped classroom, the teacher asks students to read materials prepared in advance so that they can be more interactive in higher-order activities. This teaching model translates the passive acceptance knowledge in traditional didactic lectures into self-exploration by respecting the individual characteristics of cognitive learning [3, 21, 22] . However, the APP-based flipped classroom (APP-FC) is an innovative teaching-learning strategy that has not been implemented in teaching basic medical curricula in China. In this research, an attempt of the APP-FC teaching approach in an immunology course was presented to Chinese clinical medicine students and the perceptions of students to the APP-FC teaching approach were subsequently assessed using questionnaires.
Materials and Methods

General Information of the Course
At Lanzhou University, medical immunology is a required 2.5-credit hour course for all second-year medical students during the autumn semester in each academic year. In this course, a weekly teaching schedule included 4 h of traditional didactic lectures (total 44 h). The subjects of each chapter on this course were generally instructed by the instructors through traditional lecture-based teaching models. In this study, one of the chapters in medical immunology was chosen as the learning subject to be presented through the teaching procedure according to the APP-FC model. Subsequently, teaching activities based on the APP-FC model were performed and questionnaires were conducted to evaluate students' perceptions of the APP-FC teaching pedagogy.
Research Participants
During October-November 2017, two classes were randomly selected from 15 classes of second-year medical students in this research. A total of 92 second-year medical students were recruited in the medical immunology course of this study. One class (n = 50) was offered the traditional lecture-based learning (LBL) as a control group, while the other class (n = 42) was delivered through traditional lecture-based learning and the APP-FC model as the APP-FC group. All students were enrolled in current research with a mandatory medical immunology course. Students in the APP-FC teaching model class were briefly introduced to the study aim and procedure, without any adverse effect on the grade of the medical immunology course.
Ethical Considerations
Before the study, an approval for the present study was achieved from the institutional ethics committee and curriculum development committee at the School of Basic Medical Sciences, Lanzhou University, in China. In the present study, the hypothesis was that all second-year medical students would have an optimistic and active attitude towards the immunology course in response to the APP-FC instructional strategy.
Materials of Research
In order to perform the APP-based flipped classroom, it was necessary to prepare the mobile immunology course APP. This APP was developed by the Department of Immunology, Lanzhou University. The immunology learning APP was free and available in the mobile system for Android. We prepared available iPADs for some students without mobile phones. The course APP was installed on the iPAD or mobile phone to allow the students learning medical immunology to access the APP in real time. This course APP included a syllabus, course content, exercises, PPT, and video content of medical immunology. The immunology syllabus, content, exercises, and PPT were able to be directly opened and browsed on the phone without internet after the APP was installed. However, the network was needed for students watching immunology videos and searching literature.
Curriculum Design and Management
Students in the control group were conventionally offered traditional lecture-based teaching activities. The flowchart of the APP-based flipped classroom is depicted in Figure 1 . After 9 weeks of traditional teaching, a trial of the APP-FC teaching model was implemented in the class of the APP-FC group, lasting a total of 4 h. Before the flipped classroom, students were divided into 10 groups (four to five students per group) and asked to finish the pre-test and read the material from the course APP or watch the video lecture online, which was expected to take approximately 1 h. Related questions were recorded by a student for each group to be discussed in the classroom. After the flipped classroom, students were asked to review their lessons with the course APP for approximately 1 h. All of students, including LBL group and APP-FC group, were asked to finish the final examination (post-test) at the end of the course. In the APP-based flipped classroom, the teaching activities were divided into three phases. In the first phase of the APP-FC teaching, based on the assignments and the problems collected from each group during the students' learning, teachers tried to explain and illuminate any problems that the students had. This phase lasted approximately 20 min. The next phase was an interactive discussion and communication between the students and teachers, and students were encouraged to analyze questions. The discussion and analysis questions on the phone APP were prepared by an instructor in advance. This phase lasted approximately 80 min. In the third phase, the teacher gave a brief lecture on learning focus and emphasized the difficult aspects of this chapter. This phase lasted approximately 20 min.
Evaluation Methods
The questionnaire for the present study was referenced to the findings of previous studies [2, 9] . In brief, a survey paper on the APP-FC teaching model was implemented in the APP-FC group after the end of the class. The students' responded to YES or NO questions regarding the APP-FC teaching model. A separate questionnaire was administered to students to evaluate the capability perceptions of the APP-FC teaching model. According to the syllabus of the immunology course, each item on the questionnaire was responded to using a five-point Likert scale, ranging from strongly agree to strongly disagree. Students gave a score according to their perceptions from 5 (strongly agreeing) to 1 (strongly disagree), and the total scores of students were calculated. All students completed the questionnaires anonymously to evaluate their perceptions of the APP-FC teaching model in this research.
Data Analysis
The independent samples t test was used to compare the test scores of two groups and the Pearson's Chi-Square test was used to compare the percentages of high scores (marks ≥ 80) of the two groups. The scores of capability perception based on the APP-FC teaching model and conventional lecture-based teaching were compared using independent samples t test. All statistical analyses were performed in SPSS 19.0 for Windows software (SPSS, Inc., Chicago, IL, USA). Statistical significance was defined as P < 0.05. All data are reported as means ± SD.
Results
Out of a total of 92 medical students, there were no statistical differences in mean age, gender proportion, or final scores in anatomy, cellular biology, or histology and embryology courses between the groups in Table 1 . None of the students withdrew from the classes, and all students completed the pre-test and final examination. The average scores achieved in the pre-test and final examination are shown in Figure 2 . The pre-test (t = 0.78, P = 0.43) and final examination (t = 1.42, P = 0.16) scores showed that there were no statistical differences between the two groups. However, 25 students (25/42 = 60%) in the APP-FC group achieved final examination scores higher than 80 points, while this was the case for 20 students (20/50 = 40%) in the LBL control group. The high test score percentage (marks ≥ 80 points) of the APP-FC group was significantly higher than that of the LBL group (P = 0.049). Questionnaire feedback results gained from 42 medical students in the APP-FC group are shown in Table 2 . Perceptions regarding the APP-FC teaching strategy included a negative response from 30% of students, and a positive response from 70% of students. Students responded that APP-FC may improve their intrinsic motivation (83%) and interest in learning immunology (81%), as well as their self-directed learning skills (81%), problem-solving skills (79%), and benefits in terms of long-term memory (74%). There were 86% students responded that they can easily browse lessons with the APP according to their own situation at any time. Furthermore, 71-74% students responded that the APP-FC teaching strategy may be feasible for the current educational environment and be worthy of promotion in China.
The average perception scores in the APP-FC teaching model and traditional didactic instruction were 33.05 ± 4.38 and 29.54 ± 5.33 in Table 3 , respectively. Our results showed a significant difference in the capability perceptions of medical students regarding the APP-FC teaching model and lecture-based instruction (t = 3.28, P = 0.002). In particular, there were significant differences in students' perceptions scores on learning motivation (t = 2.60, P = 0.011), self-directed learning abilities (t = 6.49, P = 0.001), problem-solving abilities (t = 2.65, P = 0.010), and recall abilities of basic knowledge (t = 2.68, P = 0.009) between APP-FC and traditional lecture-based instruction. Students scored statements according to their perceptions from 1 (strongly disagreeing) to 5 (strongly agree), and total perception scores were calculated. P < 0.05.
Discussion
In a traditional lecture-based classroom, students are used to a passive, didactic lecture environment and are merely recipients of teachers' knowledge [2] . As a consequence, the extent of students' curiosity and motivation greatly depends on the quality of conventional teacher-centered performances. This study was firstly designed to evaluate the perceptions of second-year medical students regarding the APP-based flipped classroom (APP-FC) teaching model in an immunology course in China. The mobile devices and relevant APPs could improve the student knowledge of a subject, giving them additional resources and materials to complement their skills [24] . The mobile learning APP is a useful teaching tool that may deliver knowledge in a convenient and easy manner [16, 25, 26] . The previous survey results presented that medical students preferred to use mobile phone APPs in learning clinical medicine courses such as psychiatry, prosthodontics, and so on for improving their knowledge and test-taking [16, 18, 25, 26] . Deshpande et al. found that 94% of students felt that mobile learning APPs should be regularly used along with conventional teaching methods, and represent an effective way to improve clinical reasoning skills [16, 25] . In this study, 86% of students responded that they can easily browse lessons with this APP according to their own situation any time and that their workload of study was not increased during the flipped classroom stage (71%). The overall responses indicated that the APP-FC model produces significant, meaningful gains in both intrinsic motivation and overall ability.
Previous studies revealed that the teaching model of the flipped classroom notably enabled students to acquire knowledge, since the learning efficiency of the inverted classroom was more enhanced than that of the lecture-based instruction method [3, 20, 27] . The first documented use of the flipped classroom in teaching medical students was published in 2012 by Prober et al. [28] . Many medical instructors have since introduced elements of the flipped classroom into their teaching activities [28] . In this study, an attempt of the APP-FC teaching approach was first implemented in an immunology course in China. The results showed that 70% of students agreed that the APP-FC provides an approach of self-directed learning and helps in learning the immunology course. The APP-FC provides students with the opportunity to exchange information and discuss problems with each other. The data of this study showed that the teaching model of the APP-FC helps to strengthen students' interest in learning immunology and improves problem-solving skills without an increase in workload, presenting a potentially desirable method of pedagogy that is feasible for the current Chinese educational environment and basic medical curricula.
Most studies reported that the flipped classroom is a powerful educational method that enhances medical students' engagement, active learning, self-directed learn skills, and problem-solving skills [5, [21] [22] [23] [28] [29] [30] . The findings of the present investigation are consistent with previous research reporting on the effect of the flipped classroom for medical students in clinical medicine courses. Compared with traditional lecture-based teaching-learning, there was a significant increase of perception scores regarding the motivation of learning (P = 0.011), self-directed learn skills (P = 0.001), clinical problem-solving abilities (P = 0.010), and memory abilities (P = 0.009) with the APP-FC teaching model. The APP-FC teaching model permits medical students to discuss together in a group, search information from the internet and/or APP resources conveniently, and finally solve problems in the field of medical immunology [2, 10] . Meanwhile, a meaningful difference in the final examination performance (marks ≥ 80) was observed, indicating that the APP-FC teaching model could help students in mastering immunology knowledge. The APP-FC teaching model encourages students to freely choose the most appropriate method to obtain knowledge as well as to actively acquire knowledge and independently develop solutions for problem-solving. Consequently, the introduction of the APP-FC instructional model would not only help students to obtain essential knowledge conveniently in an immunology course, but also boost their learning motivation and skills of problem-solving, which is an alternative teaching approach for immunology courses in China.
When we interpret the findings in this study, there are several limitations that must be considered. The first limitation is that we did not consider the learning styles of students, such as interactive or passive, and attitude toward the medical immunology course. The second limitation in this study is that the sample size was not large enough. Only 92 second-year medical students were involved in the study of our university. The final limitation is that the conclusions drawn from a single trial in this research may be ameliorated by more trials and a longer time study in China.
